Conclusions.
The finding that small indirect effects of the COPE intervention via changes in illness perceptions and pain catastrophizing on posttreatment disability could be estimated indicates that these variables may be viable treatment targets for biopsychosocial interventions; however, this finding must be viewed in light of the adjusted analyses, which showed that the indirect effects were significantly reduced through the inclusion of a treatment-mediator interaction term.
I
nterventions to improve pain and disability in patients with low back pain (LBP) are numerous, including physical therapy, medications and psychological interventions. A recent approach developed in Australia, Explain Pain, 1, 2 involves teaching patients about the biological processes underpinning why they are (still) experiencing pain. 2 It is defined as an educational intervention underpinned by a biopsychosocial approach to pain, where physical therapists or clinicians aim to build a strong rapport with patients and encourage them to ask questions to improve their understanding. 2 Current evidence suggests that Explain Pain is effective, but that heterogeneity in intervention delivery and the small size of the randomized controlled trials currently available means that more evidence is needed to build a case for the efficacy of this intervention. 2 The Cognitive Patient Education (COPE) trial 3, 4 aimed to investigate the effectiveness of the Explain Pain model in a Norwegian primary care population, utilizing both general practitioners and physical therapists in delivering the intervention. The trial results indicated that while a substantial decrease in functional disability occurred in both groups between baseline and posttreatment, there was no statistically significant difference between treatment and control and only a small effect size (−0.06) for the intervention. 4 Further analysis of the secondary outcomes of the trial (quality of life, pain catastrophizing and illness perceptions) was carried out, and illness perceptions were found to change faster in the intervention group, but no differences between the groups were found for pain catastrophizing or quality of life measures. 5 Mediation analysis, a technique used to help explain how an intervention achieved its effects, 6 can also be used to help explain why an intervention was not successful. 7 As there is no effect to be mediated in such situations, the term "indirect effects" is used rather than mediated effects 8 to examine the effect exerted by the intervention via the potential mediating factor. Such information is important in identifying where interventions can perhaps be improved in the future, 9 leading to more successful interventions that have a greater impact on people's outcomes. Formal analysis of indirect effects was not carried out as part of the analysis of secondary outcomes by Løchting et al, 5 so is warranted here.
The aim of this secondary analysis was therefore to explore why the intervention did not significantly improve disability outcomes over the control intervention by using mediation analysis to examine the indirect effect of the COPE intervention via change in catastrophizing, back pain myths and illness perceptions on posttreatment disability score. This differs from Løchting et al's 5 analysis in that rather than looking for between group differences in illness perceptions, pain catastrophizing and myths, we investigated whether change in these variables was important in how treatment (did not) affect the outcome of disability.
Methods

The COPE Trial
The intervention was a cluster randomized controlled trial carried out between 2009 and 2012 and involved 16 general practitioners and 20 physical therapists who were randomly assigned to carry out either the COPE intervention or usual care (control). People were recruited consecutively (110 to the intervention arm; 106 to the control arm) and those allocated to the intervention arm went on to receive a protocol of education about pain physiology, beliefs about back pain and the impact of external factors such as the environment on the pain experience. Four oneto-one, 30-minute sessions were carried out over 4 consecutive weeks, which discussed the participant's thoughts and fears about their back pain, dealing with exposure to movement and daily activities, and identifying barriers to normal functioning and the reasons behind any activity avoidance. Those in the control group also met weekly with a health care professional but received usual care, which was also available to those in the intervention group.
Mediation Analysis
Mediation analysis techniques were employed to carry out this analysis. In mediation analysis, effects can be broken down into separate paths: the c path between the treatment and outcome (without accounting for potential mediators), the a path between the intervention and the potential mediator; and the b path between the potential mediator and the outcome. The mediating (indirect) pathway is calculated as the product of paths a and b (ab).
Action Theory and Conceptual Theory
Models of indirect effects can be interpreted by breaking down the a and b paths. 10, 11 The action theory (a path) can be described as the intervention's ability to impact on the mediator, while conceptual theory (b path) is the mediator's ability to impact on the outcome. A strong a path would suggest that the intervention is targeting the mediator well, while a strong b path suggests that the mediator is the correct factor to be targeting in order to improve the outcome. Conversely, a weak a path would suggest that the intervention is not targeting the potential mediator strongly enough, or that the intervention itself is not effective, while a weak b path would suggest that the wrong factor is being targeted for change. 11 The importance of this conceptualization lies in how it can generate discussion around how an intervention can target factors key to participant improvement (action theory) and how these proposed mediators may affect the outcome (conceptual theory). 12 
Theoretical Rationale for the COPE Trial
The intervention implemented in the COPE trial was described as a cognitive-based education program which aimed to improve the accuracy of knowledge of the mechanisms of pain biology. 3 Health care professionals involved in the intervention arm of the study were trained in the Explain Pain treatment approach and instructed to follow a treatment manual. 4 During the 4-week intervention, clinicians taught participants about how pain perceptions can be influenced by previous experience and back pain beliefs; about back pain physiology; how persistent pain may be influenced by the participants' environment; and discussed with the participants how what they have learned from the intervention can be implemented in their daily life. 4 Overall, the intervention aimed to address participant's fears about their LBP and to expose participants to normal functioning. 3 Illness perceptions, or people's beliefs about their condition, can have a direct impact on emotional responses and behavior 13 and poor knowledge about their condition can impact on those beliefs. 13 Similarly, understanding of myths about back pain would have been addressed in that attitudes and beliefs about back pain would have been explored in this intervention and are likely to have changed had the intervention been successful, but this variable was not explored by Løchting et al. 14 As the focus of the intervention overall was meant to increase the accuracy of people's knowledge about LBP, it was assumed that illness perceptions and back pain myths would be useful variables to examine as potential treatment targets. Another key aspect of the intervention was to address people's thoughts and fears about their LBP; pain catastrophizing was therefore also included as a potentially important factor. Pain catastrophizing rather than fear-avoidance was included as the intervention was based on a cognitive model, addressing participant-perceived threatening inputs to the brain, 3 rather than the behavior of fear-avoidance. Pain catastrophizing has been found previously to be a mediator of treatment effect on disability outcome in randomized controlled trials for musculoskeletal pain populations, 15 although methodological and design flaws precluded strong conclusions being drawn for any potential mediators. This variable was not found to change in the Løchting analysis, but as this analysis did not specifically analyze indirect effects, pain catastrophizing was included in the present analysis.
Measures: Potential Mediators
All measures were recorded using self-reported questionnaires. Data was collected at baseline, posttreatment, and 3-month and 12-month follow-up, although in the present analysis only the posttreatment follow-up point was used.
The Back Pain Myths Questionnaire 16 consists of 12 items where respondents were asked whether they agreed or disagreed with each item. The number of "correct" responses are summed to give a total score. 11 items were used in the current analysis (a final item, "My view on how to manage back pain has changed in the last year" was not deemed relevant to the current analysis). A higher score indicated that more correct responses had been made, suggesting that the participant exhibited better, more factual beliefs about back pain. No information is available on the psychometric properties of this questionnaire, and the internal consistency was found to be poor within the present population (Cronbach alpha = 0.52).
The Norwegian version 17 of the Pain Catastrophising Questionnaire 18 was used to measure pain catastrophizing. This measure has 13 items and a score range of 0-52, with a higher score indicating a higher level of pain catastrophizing. This measure has been found to have sound psychometric properties in pain populations. 19 The Brief Illness Perceptions Questionnaire 20 (Brief IPQ) consists of 9 items formed from each of the illness perception subscales (identity, consequences, cause, timeline, cure/control, emotional representation, and illness comprehension). Scores range from 0 to 100, with a higher score indicating strong perceptions on a particular dimension. The psychometric properties of the Norwegian version of this measure have been explored and it has been found to have good test-retest reliability, moderate concurrent validity and good discriminant validity. 14
Measures: Outcome
The Roland-Morris Disability Questionnaire (RMDQ) 21 was used to measure functional low back pain-related disability. Scores range from 0 to 24, with a higher score indicating higher functional disability. This measure has been found to have good psychometric properties within this population. 22, 23 
Potential Confounding Factors
In studies of mediating factors, there are other variables that could potentially have an impact on any mediating effects seen (confounding factors). Pain duration, pain intensity and whether participants were treated by a general practitioner or physical therapist were considered to potentially have an impact on the indirect effects of the variables being tested, and therefore were also included in the analysis of indirect effects. As the study was randomized, this adjustment was not necessary to make to the a path and therefore made to the b (mediator-outcome) path only. Finally, a treatment-mediator interaction term was also included in the analysis, as indirect effects may vary for different levels of treatment. This addition to mediation models is recommended as part of more recent developments of mediation analysis techniques. 24 However, as the inclusion of interaction terms is a new development in mediation analysis, we present models both adjusted and unadjusted for this particular covariate.
Data Analysis
Descriptive analyses were carried out to examine differences between each of the variables of interest both over time and between the intervention arms. Potential mediators were represented by residualized change scores and the posttreatment score for the outcome measure was used. Residualized change scores represent the difference between the actual score at follow-up compared to what was predicted at baseline. 25 This differs from raw change as it allows the confounding effect of baseline score to be controlled for. Residualized change scores have been used previously in mediation studies, 26, 27 and are obtained from the residual values of linear regression analysis where the follow-up score is entered as the outcome and baseline score as the predictor. Posttreatment scores for the outcome measure were used. This was to try and account for temporality in the model, which is an important aspect of causality and helps give strength to any indirect effects found. 28, 29 Next, linear regression analyses were performed to examine the relationships between treatment allocation and change in each of the potential mediators, and between change in each of the potential mediators and the outcome posttreatment score. This provided tests of the a and b paths separately. Finally, structural equation modelling was used to test for indirect effects (ab) of each of the potential mediators on the direct effect between treatment allocation and outcome. Linear regression and structural equation modelling require a number of assumptions to be met in order for the results of the analyses to be generalizable. Therefore, when the linear regression analyses were performed, information related to linearity and normal distribution were also obtained, with the variables included in the analyses being found to meet these assumptions.
There are also a number of assumptions relating to mediation analysis specifically. For example, the mediating pathways tested assume that there are no other unmeasured variables also on that pathway, which could be confounding any mediating effects.
Indirect effects were reported with bias-corrected bootstrapped 95% CIs, which account for the non-normal distribution of the indirect effect. 8, 30 One thousand bootstrap replications were used in these analyses. Indices to evaluate how well the model fits the data are also given in structural equation models, with a range of indices recommended to judge goodness of fit. 31, 32 In the present analysis, chi-square (x 2 ), chi-square divided by degrees of freedom (x 2 /df), Comparative Fit Index (CFI), root-mean-square error of approximation (RMSEA), and standardized root-mean-square residual (SRMR) were examined. Good or adequate fit is indicated by a nonsignificant x 2 value, a x 2 /df of between 2 and 5, a CFI of 0.96 or higher, and RMSEA and SRMR of 0.08 or lower. 33, 34 All analyses were conducted using SPSS PASW statistics package version 18 (IBM SPSS, Chicago, Illinois) and AMOS (add-on package for SPSS) version 19.
Role of the Funding Source
The 
Results
Examination of the mean scores of the outcome and potential mediator variables at baseline and each follow-up point, split by intervention group, are shown in Table 1 . Some differences are present between pain catastrophizing and illness perception scores at baseline, with higher scores on both variables in the intervention arm, but similar decreases in scores over time are shown in disability, pain catastrophizing and illness perceptions across both treatment and control arms. Back pain myths appeared to stay relative stable over time, with little change in score. A higher proportion of those in the control arm were treated by a physical therapist compared to the treatment arm. A higher percentage of people who reported shorter pain duration were allocated to the treatment arm while a higher percentage of those reporting longer-term pain were allocated to the control arm. Pain intensity scores were similar across treatment and control groups. Table 2 shows the differences between the treating health care professional (general practitioner or physical therapist) in terms of the scores participants received on the outcome and potential mediator variables. Those receiving physical therapy had lower baseline disability and pain catastrophizing scores than those receiving care from a general practitioner, and a larger improvement over time in disability and pain catastrophizing scores was observed in those under physical therapist care. Scores on illness perceptions, back pain myths and pain intensity were similar for both health care professional groups. Physical therapists had a much higher proportion of patients reporting long-term pain duration in the control group compared to general practitioners. Relationships between treatment allocation and change in each of the potential mediators were then examined. The results in Table 3 indicate that a very small proportion of variance was explained by each of the potential mediators (between 2% and 4%).
The beta values indicate that change in illness perceptions and pain catastrophizing have the strongest association with treatment allocation (ie, allocation to the intervention arm was associated with a larger change in these 2 variables), and the 95% CIs suggest these associations are statistically significant. Change in back pain myths was also statistically significantly associated with treatment allocation, but this relationship was weaker than those found for change in illness perceptions and pain catastrophizing.
When relationships between change in each of the potential mediators and posttreatment RMDQ score were examined (b path of the mediation model), most variance was explained by change in illness perceptions in both treatment and control groups (Tab. 4). More variance was accounted for in the control group than in the intervention group for change in pain catastrophizing, and very little variance was explained by back pain myths. The associations between change in back pain myths and posttreatment RMDQ score in the treatment groups was also not statistically significant.
At this stage, change in back pain myths was removed from the analysis as it showed very little change between baseline and posttreatment and only weak associations with either treatment allocation or posttreatment RMDQ score. Total, direct and indirect effects for the COPE intervention via change in illness perceptions and change in pain catastrophizing only were therefore calculated, adjusting for baseline scores in pain duration and pain intensity.
The Figure shows the direct effect of each of the variables on the other. Coefficients on the b path are stronger for both models, suggesting a strong association between change in each potential mediator and posttreatment RMDQ score. Both models were found to have a small indirect effect on posttreatment RMDQ score, which was statistically significant for both models (Tab. 5). Both models were found to have adequate fit to the data (change in illness perceptions model: x 2 = 15.03, df = 6, P = .02, x 2 /df = 2.55, CFI = 0.90, RMSEA = 0.09, SRMR = 0.06; change in pain catastrophizing model: x 2 = 15.30, df = 6, P = .02, x 2 /df = 2.55, CFI = 0.98, RMSEA = 0.09, SRMR = 0.06). However, when the interaction term was included in the model, the indirect effects were reduced (Tab. 5) and were no longer statistically significant. The models also fit the data less well when the term was included (change in illness perceptions model: x 2 = 37.41, df = 10, P < .01, x 2 /df = 3.74, CFI = 0.95, RMSEA = 0.11, SRMR = 0.10; change in pain catastrophizing model: x 2 = 37.40, df = 10, P < .01, x 2 /df = 3.74, CFI = 0.80, RMSEA = 0.11, SRMR = 0.09).
Discussion
The aim of this study was to investigate the indirect effects of change in illness perceptions, back pain myths and pain catastrophizing on the effect of an Explain Pain treatment intervention on posttreatment functional outcome. The treatment exerted its strongest indirect effect via change in illness perceptions, suggesting that this variable in particular might be an important future treatment target. Action and conceptual theory would interpret these findings as showing support for illness perceptions being an important treatment target theoretically, but that the intervention did not address these strongly enough to bring about change in the primary outcome of disability reduction. However, the addition of an interaction term to the analyses resulted in the indirect effects being reduced and no longer being statistically significant, suggesting that the effects of change in both illness perceptions and change in pain catastrophizing did indeed vary for different levels of treatment.
Comparison With Existing Literature
Little research has been conducted into mediators of treatment effect, especially in the context of analyzing why an intervention did not work. A recent systematic review 15 which looked at psychological treatment mediators in psychological intervention studies of patients with musculoskeletal pain did find mediating effects of pain catastrophizing, but the studies included were reported to have a number of flaws in terms of the method of analysis used and that often potential confounders were not adjusted for. The present analysis includes a robust analysis using recommended analysis techniques. A recent example of the use of mediation analysis to investigate an unsuccessful intervention 34 also did not find pain catastrophizing to have strong associations with treatment, suggesting that this factor is perhaps difficult to target effectively during treatment.
Evaluations of Explain Pain interventions specifically have been previously carried out. Lee et al 35 conducted mediation analysis on audit data of the Explain Pain intervention, investigating the mediating effect of the intervention (specifically biology knowledge accuracy) via change in pain catastrophizing on subsequent improvement in pain and function, adjusting for pain duration, diagnosis, patient outcome expectations, and clinician perceptions. Change in pain catastrophizing was not found to be a mediator in their study in the adjusted analysis, and while a statistically significant indirect effect of the COPE intervention via change in pain catastrophizing was found in the present analysis, this was not as strong an effect as via change in illness perceptions.
The finding that changing illness perceptions may perhaps be more important in the effectiveness of the COPE analysis is a novel finding within Explain Pain interventions and worthy of further exploration. Few interventions targeting illness perceptions in chronic low back pain populations have been conducted; 1 study which did base their intervention on illness perceptions 36 found change in 4 of the dimensions (time line cyclical, consequences, personal control and coherence), suggesting that Table 2 . directly targeting such factors may be amenable to change; however, few between-group differences were found in this study, which could indicate that changing illness perceptions may not necessarily lead to an improvement in outcome compared to control and that in fact other variables are responsible for the improvement seen. In the present analysis of the COPE study, the opposite conclusion could be drawn; the b path (conceptual theory) suggests that illness perceptions are the correct factor to target in leading to change in outcome, while the weak associations on the a path (action theory) suggests that illness perceptions are not being well-targeted by the intervention, which is a possible explanation for why the intervention overall was unsuccessful at reducing disability. The present findings are in line with Løchting et al's 5 analysis of illness perceptions and pain catastrophizing in the COPE study, with only illness perceptions being found to be potentially important. Clearly further research is needed into illness perceptions as a treatment target.
Limitations
The analysis of indirect effects was conducted post hoc and not planned prior to the intervention being conducted, which is against current recommendations for analyzing how a treatment may work. Similarly, potential confounders of the indirect effect pathways were chosen post hoc rather than identified prior to the study commencing. The analysis of indirect effects using the product of coefficients method, a regression-based approach, does require the assumption of no missing confounders. In the present study, we identified key variables we thought could potentially be confounders, but we acknowledge that there may be a number of unmeasured and unknown confounders that were not included in this analysis. This also limits comparison with other studies such as Lee et al. 34 A further issue is that the variables chosen to be investigated as potential mediators, while investigated here separately, may be interrelated with 1 variable having a causal impact on the other along the mediating pathway. However, in the COPE trial (as with many intervention studies) measures were only taken at pre-and posttreatment, not during treatment, meaning that relationships between potential mediators could not be investigated. Future mediation analyses should always be planned as part of trial development, so that factors thought to be important in explaining treatment effect, and any potential confounders of the mediating pathway, can be measured appropriately for inclusion in analysis of indirect effects. Such factors will differ depending on what the intervention is trying to target, the population involved, and who delivers the intervention, so it is very important that the trial team discuss in detail how they think the intervention will impact on the outcome of interest.
Clinical and Research Implications
This analysis has provided further insight into what might have led to the lack of treatment effect found in the COPE trial. A robust analysis of indirect effects, controlling for potential confounding factors, was conducted using recommended methods. The finding that illness perceptions are potentially important in Explain Pain interventions adds strength to the analysis of secondary outcomes of the COPE trial, and adds to a currently small evidence base for the potential importance of illness perceptions in such interventions. Future applications of the Explain Pain interventions could perhaps focus more on trying to target illness perceptions rather than pain catastrophizing, although it should be acknowledged that this analysis represents only 1 application and that further research is needed to provide support for these findings. 
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